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A CORREI.ATI@NTECHNIQUEFOR SINGLE-AND ‘IWO-PHASEPUMPDATA

by

MichaelBozoian

AppliedNuclearScienceGroup
Los AlacaosNationalLaboratory
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INTRODUCTION

A generalizationof the single-phasehead equation,

H= AN2 + BNQ + CQ2 , (1)

providesthe baaia for ● new single-and two-phasepump data correlationdes-

cribedin

capacity,

Thim

this paper, In this equation,H, N, ●nd Q are pump head,speed,and

respectively.

equationia simply● tranafonnationof a realpump head-capacityequa-

tion obtainedby subtractinghydrauliclosses(due to friction,diffusion,and
1separs:ion)fromthe idealEulerhead.

In single phase, A, B, ●nd C ●re coefficient dependingon pump geometry

●nd design, The generalizationof Eq, (1) is to allow thesecoefficients●lso

to be functionsof void fraction,aF, duringtwo-phaseopertition,

In termsof normalixcdhead ●nd

generalizationof Eq, (1)becomeo

h mH/~ = A(crF)

non-diuenclonalhomologousparameters,this

a; + B(aF)aNv + C(aF)V2 , (2)

where ~ = (?/Q~l aN = ‘/NR) and quantitieswith oubocriptR ●re evaluatedat

rated conditions,

Wh@reaa previous corralationtfactor tho homologousdependence

void dependcnca,tho pretentmethoddoen not impomethis restriction,

ample,the Babcockand Wilcoxair/wat~rcorrelationtakeathe form
b

from the

For ex-



(C)2= (C)l F(uF) , (3)

in which the homologousfunction,(C)l, ie factoredfrom the void function,

F(CIF)= 1 - M(uF). M(aF)is the void dependentdegradationfactor.

Likewise,RELJ@4employs

(4)

in which,again,homologousdependenceis separatedfromvoid dependence.

In contract,Eq. (2) does rLotimply that the void dependentfsctorain

A(aF), B(aF), C(aF) are ●qual and hence factorablefrom the homologousdepen-

dence. If they were, however,then Eq. (2) couldbe writtenlike eitherEqs.

(3)or (4).

APPLICATIONOF CORRELATION

For simplicityin the followingmaterial,each set of two-phaoecoeffi-

cients,A, B, C, will be quadraticfunctionsof void dependenceof the form

2
●a +ba + c ,
FF (5)

with numrical constants●, b, c. In general,the aet of coefficientscan be
1

●ny dauree polynomialfunctionof aF. The de~reeplus one will●qual the number

of two-phaaehead equations,e.g.,Eq. (5) iwlie~ threehead equation-●t aF =

0.2, 0.4, CI.8.

CorrelationequationsobtainedfromEq, (2)will be determinedand compared

with both the CE 1/5 scale steam/water2and B+W 1/3 scale air/water3 correla-

tion, retpectivelyoFor ●ach pump, four head correlationequationrnwill be

produced: one sin81ephaoa (UF = 0.0, 1.0), for which the aat of coefficient

are constantsin aF; and three,two-phaae((fF■ 0.2, 014, and 0t8)j for which

the oat of coefficients●re quadratic in (rF. The head correlationequationo

will be fit to pump data data at three normalized-flowto normalized-speed

ratios, a/aN ■ 0.5, l.O, 2.0s For ●ach pump, these fourequation-can be aum-

mariced by two equation-,ona for sin81e-phaseand the other for two-phate,
b
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As an example,considerthe followingtable of data points and subsequenth’s

fromEq. (2) for the CE l/5-scalepump:

TABLE I

CE DATA AND QUADRATICHEAD EQUATIONS

h [fromEquation(2)]

‘F 0.5 1,0 2.0

0.2 1,08 0.75 -0.44 0.79 LY;+ 1.19aNv - 1.23u2

0,4 0.75 0,35 -0.50 0.63 a; + 0,75aNv - 1.03V2

0,8 0,40 0.15 -0.38 0.31 a; + 0,52 aNv - 0.68V2

0.0, 1.0 1.17 0,90 -0.24 1.00a; + 0.77CYNV- 0,87v2

It is helpfulto use

HAN s h/a2
N = A(uF) + B(aF) v/aN + C(aF) [v/aN]2, v/aNSliO

HVN iuh/b2 = A (aF) [aN/v]2 + B(aF) [aN/v]+ c(aF)tv/aN ~ 1.0

in determining●ach h in Table 1,

Using Eq, (5) to find the void dependentquadraticsA, B, C at aF = 0,2,

0,+, 0.8, allow-condensationof the firstthreeh ●qustionsin the abovetable

intoone, two-phaaehead●quation.

In summary,the singleand two-phasehead correlationequationsfor CE &r&:

h= 1,00u; + 0,77vuN- (I,87v2for aF = 0.0, 1,0 (6)

and

h= (-0,8aF+ 0,95)a:+ (2,71a~. 3183aF+ 1,85)vaN +

(-0,21a~+ l,13aF- 1.45)v2 for 0.2 ~aF : 0.8 , (7)

A similar spproach resulto in the followin8two ●quationsfor the B+W

l/3-scale●ir/waterpump:
b
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h ❑ l,09a#+ 0,78aNv - 0,87v2 , aF = 0.0, 1.0
and

h= (4,06a~ - 4c33aF + o.78)a~ + (-2.21a~ + 0,94aF + 1,16)aNu +

(0.67a2+0.Na - 1.06)v2 for 0.2 ~ aF <0.8 ,

(8)

(9)

Figure 1 shows solid line graphsof the CE steam/waterdats correlations

for 0.5 S v/aN S 2 at the fivevoid fractionespecifiedin Table1. Thesedata

correlations●re comparedwith the head correlationin Eqs, (6) and (7). Recall

chatEqs. (6) ●nd (7)were determinedfrom the data ●t u/aN = 0.5, 1.0,and 2.0.

Figure 2 is similarto Figure 1 with the exceptionof the B+W air/water

correlationsbeingcomparedwith the head correlationEqs, (8) and (9).

In general, the head correlation●quationsmatch their respectivedata

correlationswell. Note, in particular,that quadraticcoefficientsin void

dependencewere used in Eqs, (6), (7), (8J, and (9), whereas the data correla-

tion , which assumedseparabilityof void and homoloaow dependencies,required

void dependentpolynomial of at leastdegreeseven,

SUMMARYAND CONCLUSIONS

Generalizing,● quadraticsingle-phaaehomologoushead equationfor two

phase providesa meanm of correlating single- ●nd two-phase data into two quad-

ratic homologous equationm with void dependent ctiefficienta thtt can be polyno-

mial functions of degree n.

In addition to convanimtly condensing l~rge amount- of -ingla- and t\’o-

phaae dsta into two ralativolysimpl~algcbrticequations,thisnew correlation

aloo demonstratesthat homolo80ut●nd void fraction dependencies are, in gen-

eral,not separable for two-phase pump flow.
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